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MILITARY CURRICULIM MATERIALS

The military-developed curriculum materials in this oourse
package were selected by the National Center for Research in
Vocational Education Military CQurriculum Project for dissem—
ination to the six regional Curricuium Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible tO vocational
educators in the civilian setting.

The course materials were aojuired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrlghred'materlals were either omitted or appro-
val for their use was obtained. These course packages contaln
curriculun rescurce materials which can pe adapted to supoort
vocational instruction and curriculum development.




Military
Curriculum Materials
Dissemination Is . ..
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an activily 1o increase the accessibility of
nmilitary developed curriculum materials 1o
vocational and technical educators.

This project, funded by the U.S. Office of
Education, (ncludes the identification and
acguisition of curriculum matcrials in print
form from the Coast Guard. Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materiais is
provided through a “Joint Memorandum of
Understanding”’ between the U.S. Office of
Education and the Department of Defense.
The acquired matesials are revicwed by staff
and subject matter specialists, and courses
deemed applicable to vocational and tech-

nical education are sclected for dissemination.

The National Cen. .9r Research in
Vocational Education is the U.S. Office of
Education's designated representative 1o
acquire the materials and conduct the project
activities.

Project Staff:

Wesley E. Budke, Ph.D., Director
MNational Center Clearinghouse

Shirley A. Chase, Ph.D.
Project Director

What Materials
Are Available? -

1] .
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One hundred twenty courses on microfiche
{thirteen in paper form} and descriptions of
each have been provided to the vocational
Curriculum Coordination Cenlers and other
instructiona!l materials agencies for dissemi-
nation.

Course materials include programmed

" instruction, curriculur outlines, instructor

guides, student workbooks and technical
manuals. -

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture Food Service
Aviation Health
Building & - Heating & Air
Construction Conditioning
Trades Machine Shop
Clerical Management &
Occupations Supervision
Communications  Meteorology &
Drafting Navigation
Eiectronics Photography
» Engine Mechanics Public Scrvice

The number of courses and the subject areas
represented will expand as additional mate- -
rials with application to vocational and
technical education are identificd and selected

for dissemination:
-

How Can These
Materials Be Obtained?

AR LA PRI S RSP |

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency
closer 10 you.

CURRICULUM CGORLINATION CEMTERS

EAST CENTRAL NORTHWEST

Rebecca 5. Douglass William Daniels

Director Director

100 North First Street  Building 17

Springficld, IL 62777 Airdustrial Park

217/782.0759 Diympia, WA 98504
206/753-0879

MIDWEST SOUTHEAST

Robert Patton James F. Shiil, Ph.D.

Director Director

1515 West Sixth Ave. Mississippi State Unlversity

Stillwater, OK 74704 Drawer DX

405/277.2000 Mississippi State, MS 39762
601/325-2510

NORTHEAST
Joseph F. Kefly, Ph.D.

WESTERN
Lawrence F. H. Zane, Ph.D.

Director

225 Weost State Street
" Trenton, NJ 08625

609/292-6562

]

Director

1776 University Ave.
Honotulu, HI 93822
808;’928‘7834
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The National Center for Research in
Vocationai Education’s mission is to increase
the ability of diverse agencies, institutions,
and organizations totsolve educational prob-
terns relating to individual career planning,
preparation, and progression. The National
Center fulfilis its mission by:
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* Generating knowledge through research

Developing educational programs and
products

E'valuating individual program needs
and outcomes
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Installing educational programs and
products ' -

Operating information systems and
services '

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Militafy Curriculum Materials
WRITE QR CALL
Program Information Office
The National Center for Research in Vocational
Education
The Ohio State University
1960 Kenny Road, Columbus, Ohio 43210
Telephone: 614/486.3G55 or Toll Free 800/
848-4815 within the continental U.S,
{except Ohig)
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Overview Thirty four

OVERVIEM
BASIC ELECTRICITY AND ELECTRONICS
MODULE 34

Linear Intégﬁated Circuits

o

in this module you will study different types of integrated circuits. You

will learn how these devices are constructed and what precautions must be -

observed when working with them. You will study the base diagrams for many °
. types of integrated circuits and examine data sheets that describe the input

and output voltage reguirements. You will learn about the characteristics

and operation of IC operational amplifiers. You will examine troubleshooting

procedures for testing these devices.

This module has been divided into two lessons:

Lesson 1  Introduction to Linear Integrated Circuits
Lesson 2 IC Operational Amplifiers )
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Dverview Thirty Four-l

OVERVIEW
LESSON 1

Introduction To Linear Integrated Circuits

: X

In this lesson you will learn about linear integrated circuits and their
applications. You will learn about the specifications of these devices from
data sheets, including packaging and lead identification methods. You wil?
also become familiar with special handling precautions for integrated circuits.

The learning objectives of this lesson are as follows:
TERMINAL OBJECTIVE{S):

34.1.65 When the student completes this lesson {s}he will be able to
IDENTIFY basic characteristics of linear integrated civcuits
to include definitions of termms, proper handling procedures,
pin numbering systems and functions by selecting statements
from a choice of four. 100% accuracy is required.

ENABLING OBJECTIVES:
When the student cbmp]etes this Tesson, (sthe will be able to:

34.1.65.1 IDENTIFY the basic characteristics of a linear integrated
circuit by choosing the correct set of characteristics
from a choice of four. 100% accuracy is required.

34.1.65.2 IDENTIFY proper handling procedures for integrated circuits
by choosing the correct statement from a choice of four.
A 100% accuracy is required.
34.1.65.3 IDENTIFY the set of integrated circuit (IC) packages that have
have their .leads properly numbered, given IC package drawings,
by choosing the correct drawing or pin number from a choice of
four. 100% accuracy is required.

34.1.65.4 DETERMINE the function of a given pin on an IC, given the IC's
part number. data sheet, package type and pin number, by
selecting the correct statement from a choice of four. 100%
accuracy is required. ' .

34.1.65.5 . IDENTIFY the proper procedures for soldering.and replacing ICs
by selecting the correct statement from a choice of four. 100%
accuracy is required.

BEFORE YOU_START. THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW
THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.

. , 1l
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LIST GF STUDY RESOURCES
‘ LESSON 1

Intraduction Ta Liresr Integrated Circuits

To learn the materials ir this lesson, you have the option of chqosing?
according to Your experience and preferences, any or all of the following

siudy resources:
Written Lesson presentation in:
vodule Booklet:

Sumnary
Programmed [nstructior
Harrative

Student's Guide:

Summary
Progress Check

fdditional Material(s}:

Wone,

Enrichment Material(s):
Robert R. Hibbert, A Basic Course in Integrated Circuits {Cleveland:
Penton Publishing Company, 1968-69), Lessons 1, 2, 3, 4, 9, 10, 12,
13 ard 14. .

-

YOU MAY USE AMY, OR ALL, RESOURCES LISTED ABOVE, AND ALSO THE LEARNING
CENTER INSTRUCTOR. HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEYT LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY

TIME. ;
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SUMMARY
LESSON 1

Introduction To Linear Integrated Circuits

Linear Integrated Circuits {(linear IC's) are devices that integrate (combine)
discrete {single} components into one package.

e

Most linear IC's are amplifiers. Their outputs will be proportional o
their inputs. The internal-circuitry is complete with very fow reguired
external components. Feedback networks, compensation networis, and LC tenks
are added where needed. :

The size of the IC is made up mostly of packaging materiels; the actual

circuit is a paper-thin wafer of silicon called the substrate (see Figure
1).

O ——ACTUAL SIZE

13

ALL COMPONENTS AND BONDING:
PADS DIFFUSED INTO SUBSTRATE

17 BONDING PADS ' o '/sussrang-.

Figure 1
MAGHIFIED VIEW OF AN IC CRIP
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The circuit's components are formed by a diffusion process (forcing molecules
of other naterials intc the silicon). The rcompleted circuit is called an

"IC Chip". The IC chip is then mounted in a rugged package, 1ike those shown
in exploded views in Figure 2.

CERAMIC COVER ——=

@chﬁ GLASS SOLDER ____
el

/e «—WIRE BONDS IC. GHIP
) BONBING ISLAND BONDING PADA
STt owp GOLD BACKING ————<>
ALUMINUM

‘-"BASE BONDING . .
N WIRE.I.E#UU—\‘

O-—=——SDLOER

ADHESIYE

. - CERAMIC
ﬁ%%ELPlATEU MOUNTING BASE

EXTERNAL LEADS

Figure 2

VARIOUS IC PACKAGES
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The IC chip is soldered or cemented to a base and fine gold or aluminun

wires are bonded to pads on the IC chip as shown in Figure 3.

WIRE TO

EXTERNAL PINS  BONDING

PAD

SUBSTRATE ALUMINUM
tNTERCONNECTIONS

Figure 3
IC LEAD BONDING

The bonded wires are attached to the external pins, the cover is installed,
and the IC package is then hermetically seaied. A hermetic seal is a seal

that will not allow air, dust, or rioisture to pass.

The result is a small, rugged device-(see Figure 4).

.

Figure 4
IC RELATIVE SIZE

8
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Even though ‘nstalled IC's are very rugged cevices, they may be damaged
while being handled. Ome of the things that can destroy an IC circuit is
the static electricity that builds up on your body. To prevent static
electricity from wamacing the IC, ground yourself for a couple of seconds
before handling the IC. Ar IC's shipping wrapper is made of a material
“agierad to protect the IC from static etectricity. Therefore, you should
keep an IC in its shipping wrapper until you are ready to install it in

& piece of eauipment.

An IC may be mounted by soldering it onto a printed circuit board. The
rads on the board should be spaced to accept the IC, but sometimes the

IC Yeads do not line up with the holes in the pads. When this probtem
occurs, vou must carefully bend the IC leads to make them line up properly.
To 4o this you should use two small needlencse pliers: one to support the
IC's leads, the other to make the bend (see Figure 5).

N “\“‘-uunss BEND

Figure 5
STRAIGHTENING IC LEADS

you rust be careful not to bend a lead whére it enters the IC as you do

not want to break the hermetic seal. [If this seal 3id break, the IC circuit
might eventually short out from dust end moisture which could enter through
the break.

)
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a

R]ug-in type IC's are attached to a printed circuit board by plugging then
into an IC socket {see Figure 6).

IC Mounied in Socke! —Q/

P
\7 Referonce Marks

[Hotch or cut off corner)

Figure 6

~IC SOCKETS

To remove an IC from its socket, the equiprent must first be deenergized.
Removal is accomplished through the use of an IC rerioval tool called ¢ I!P
puller or package puller. 1If this tool is unavailable, grasp the [ beiween

your thumb and forefinger and gently rock the IC out of the sochet.

To put an IC into a socket, first make sure the pins line up with the sochket'’
holes. If they don't, line up the leads by bending them with the two neecdle-
nose pliers. Next, 1ine up the reference mark on the IC {& nctch, dot,
inpression, hole, or tab) with the socket's reference wark {& notch or cut off
corner). Then, with the IC's lTeads lined up with the socket's hcles, and the
equipment deenergized, hold the IC between Your thumb and forefincer and
gently rock it into place.

One last handling precaution: Be carfeul not to drop or strike ‘an 1C; either
the hermetic seal or one of the fine internal connecting wires may be broker.
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1C's are manufactured in various package shapes (see Figure 7).

16:FI8 LUAL-IN-LINE PLASTIC 16-PIN DUAL-IN-LINE CERAMIC 14.PIN FLAT RACK 10-PIN TO-5 CAN
PACKAGE (3P PACKAGE (DR

Figure 7

IC CASE STYLES y

Eech IC has a reference mark. The dual-in-line package or DIP (both plastic
and ceranic) and the flat.pack will have a notch, dot or impression on the
packege. When viewed from the top, pin 1 will be the first pin in a counter-
clockwise direction directly next to the reference mark. Pin 1 may also

be marked directly by a hole or notch in it or & tab on it {in this case pin
1 is the counting reference). When viewed from the top, all other pins

are numbered consecutively in a counterclockwise direction from pin 1 (see
Figure 2}.

|

mmmmr—;ﬁmm —————. L] se—
Y ———: ] sve—
—————]2 s——
s ] ~—)
| — ] |-} m———]
| S .
B g e, U pr o (] roF vt
0P wiEw
. c . JTAB - - i
O R T e A E—
9 . a 2 >
. L=—= 4 1 —
| m— - ] R S————
[ L an . -
g WA V12 13 fas 16 - _ — L
TOP VIEW
DIP Packages ‘ Flat Pack Packages

N_ figure 8

IC PIN NUMBERING

11

\ 18




Summary Thirty Four-1.

The T0-5 can has a tab-for the reference. When numbering the leads you

must view the T0-5 can from the bottom. Pin 1 will be the first pin in 2
clockwise direction from the tab. All other pins will be numbered consecutively
in a clockwise direction from pin 1 (see Figure 9),

S0TTOM YIEW ' BOTTOM VIEw
Figure 9
IC PIK NUMBERING

The schematic symbol for a linear IC is a triangle (most cowmon) or & rectanglu,
as shown in Figure 10.

le

+

KES6TH

{

Figure 10
IC SCHEMATIC SYMBOLS

-The IC's type number will be printed in the middle of the circyit Symbol
(101A, HE 561 B).- The pin numbers will be printed outside the schematic
symbol. The {+) and (-} in the triangle or rectangle indicate a non-inverting
input (+) and an inverting input {-). These inputs plus the outputs and power .
supply connections are the only pin functions that are identified. To find

the function of the other pins you must use a data sheet, ~

-

12
19
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A data sheet nmay be just a schematic of the IC's internal circuitry with
the nin functions labeled (see Figure 11).

L)
Burry

L:41 ]

L1
[Laurf
awg
COmrEmEatiln

Figure 11

LHOOCY SCHEMATIC DIAGRAM

“re date sheet may also be a Menufacturer's Data Sheet as shown in Figure
12 on the next page. Tnis data sheet is for a type of linear 1C called an
oxerational amplifier.
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LHI01 LH201 OPERATIONAL AMPLIFER H

FOR AMPL!FIERS. VOLTAGE COMPARATORS, LOW DRIFT -
SAMPLE-AND-HOLD
Features

* Low DHmets and Temperature Drift & No Laich Up When Common Mode Renga 15 Eropeded

* Jnternal 30 pF Capacnioe for Frequency Compenuation ® Same Pin Configuration a5 705 Ampldier

Deseniption
* Opsraton from 5 to +20 volt Power Supplrs )
! m . The LM103/LAZ0Y 15 stable {or 31l {erdbuck contigurstiont,

& Low Current Drain '| B ma at 120 volts Typicat even wath capacitve 1oads. with NG externa. compenuaton
capatitors, Low power disuipation pefmits nigh yOttage
* Continuous Short-Circuit Protection oP¢ration acrass the {ull temperature range

PIN CONFIGURATIONS
’ Matal Can Packags Elas Puckepe Dutlin Lina Pochags
w O [
~:=Iﬂ w7 e
u::lf we 7] [T comer
ek = > : 'u:::Z::£>>1_3pv
q».lsfj'z:'[ .-.EE';L‘:I 0] (otet
= v 3] [0 o
w . F] Do(

L1 1 T vl

T P d COMMICTAD 10 CaH

DACDER NUMBERS LHI10IH OB LH2ZMH OADER NUMBERS. LHI1D1F OR LH201F DADER RUMBERAS LKH1MO DA LHIOIC
SEEPACKAGE 1 SEE PACKAGE 4 SEE PACJ\(AGE 1

SCHEMATIC DIAGRAM TYPICAL APPLICATIONS'
FET Dperational Amphitier

O

1

=

we
o

integrator with Bras Coerent
Compensation

.y
[RT)

C T4 SILICONIX incorporetsd

PEILBC T FOA LEAD i1l GRA10% DRl

.

Reprinted by permission of Siliconix Incorporated. not connected
internally “

Figure 12
IC DATA SHEET

14 21
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The manufacturer's data sheet will have either the pin configurations section,
a8 schematic diagram, or both. :

The required data sheets will be supplied with the equipment manuals. To
:select the correct data sheet for an IC, simply'match the IC's type number,
rip* -~ on the [C package or in the IC's circuit symbol, to the data sheet's
type nuober {see Figure 13).

iIC'S NUMBER

FEATURES.
Lov, Power Dissivation
4 18 voil Dperating Range
Inlers. Zener Regulaton
Intermal Oscaltator
DESCRIPTION:
Tne MODSTEK 50070 cucuit 15 an osCillatar
ano awioer Gircwst for specianzed apphcations.
An external Guartz crystal detercunes the 0%
cidator frequency and 1he Chup dundes This

Jreauency by 48152, The output 15 buffered
try o 4 transis1or bhadae,

MOYOR.VOLTAGE WAVEFDRM . PIN CONNECTIONS

-

MITDR 0L TaGE WAVETORM 0S¢ Ol'r
Bty b AEL AT F “C Py B¢

Sprowl
Fratuin

Al QRS rese rvad ~

©Copyrighl 197¢ Dy Moatex Corboretion OUTPUT 2

Figure 13
IC DATA SHEET
15

22
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£

The information covered in this lesson applies to all ICs. ICs require
a little more care in handling than transistors, but once installeC in a

circuit board they are very rugged and can operate for years without circuit
faidure,

|
AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL |
SELF-TEST ITEMS CORRECTLY, PROCEED 7O THE LESSON TEST. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ARSWER PAGEL ] ”
WILL REFER YOU 70 THEZ APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU {
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF
YOU FEEL THAT YOU HAVE FAILED 7O UNDERSTAND ALL, OR MJST, OF THE LESSOR,
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS
(IF APPLICABLE), OR CONSULTATIOM WITH THE LEARWING CENTER INSTRUCTOR, UNTIL
YOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

23

16
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PROGRAMMED INSTRUCTION
LESSOM 1

Introcduction to Linear Integrated Circuits

TEST FRAMES ARE 3, 11, 15, 18, AND 21. GO FIRST TO TEST FRAME 3 AND SEE

IF YOU CAN ANSWER THE QUESTIONS. FOLLOW THE DIRECTIQNS GIVEN AFTER THE
TEST FRAME.

(::) You mey have heard the term [ntegrated Circuit, or IC, used befare,
especially if you have been shopping for a new stereo, television, or

" caleulator. But, you may be thinking, "Just what is an integrated circuit?”

tlel}, an integrated circuit (IC) is & device which integrates (combines)
discrete (single)} components {transistors, diodes, resistors, capacitors,

etc.) into one singie package.

vost linear IC's are amplifiers. The output signal will be proportional
to the input signal (the output Waveéhape is an amplified, and sometimes

inverted, version of the input waveshape), as shown in Figure i,

Figure 1

INTEGRATED CIRCUIT
(SCHEMATIC SYM80U)
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With a sine wave applied to the input of a linear IC, the IC's cutput will

be a
square wave.
sine wave

sawtooth ,

$10e wave,
(::) Linear IC'S are widely used as amplifiers and oscillatorsin electronic
equipment. Some integrated circuitscombine these functions to forn an

entire subsystem as shown in Figure 2,

7 'MIXER-0SC

AUDIO QUTPUT

Figure 2
AM RECEIVER INTEGRATED CIRCUIT

Basically, the linear IC is a complete circuit. With the exception of a
small pumber of parts, all of the parts that make up the circuit wi]i be
contained within the IC package. The external components are for feedhack
networks, compensation networks, and LC tanks (when needed). Leaving
these parts out of fﬂé IC package allows us to use the same IC for a

number of different applications. There are some special purpose IC's

25
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which have all components in one package. These IC's require only input,

output and power connections.
0~ 1C could replace a
a. transistor.
resis.or.

complete Circuit containing wany compenente,

complete circuit containing many comc.nénts,

PAFullToxt Provided by ERIC




P.I. Thirty Four-1

(::) THIS IS A TEST FRAME, COMPLETE THE TEST QUESTIONS AND CCMPARE YOUk

ANSWERS WITH THE CORRECT AﬂSNERS GIVEN AT THE TOP OF THE PAGE FOLLOWING
THE TEST QUESTIONS.

1. A linear {ntegrated circuit is a device that

a. 15 manufactured with actiual components and produces a square wave

‘ output from any sié¢nal applied to its input,
is manufactured with discrete components and has an output that
is proporticnal to its input .
combines a complete circuit into one pactage éend produces a
sguare wave at its output.from any signel applied <o its inpus.
combines a complete c¢ircuit into one pachkage ard has an Outpus
that is proportional to its input.

KWhat components are 1ikely to be external to an IC?
Jiocdes
Resistors

Inductors

Transistors
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.. tombines a complete circuit into one package and has an output
that is proportional to its input.

2. ¢. [Inductors

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YQU MAY GO TO TEST FRAME 11.

OTHERWISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE AGAIN PLFORCL
TAKING TEST FRAME 3 AGAINM.

(E:) If you could open up an IC, you might be slightly surprised to see
what is inside. Insteag of a bupch of miniature conponents, you would see
a paper-thin wafer of silicon, calied the substrate, whose size is dependent
upon circuit complexity. Figure 3 shows a 23 transistor amplifier which

neasures .14 cm long and .14 cm wide.

O\ ~e—————ACTUAL SIZE

1-7 BONDING PADS E l ;;“‘r’,’,,f SUBSTRATE

ALL COMPONENTS AND BONDING
PADS DIFFUSED INTO SUBSTRATE

Figure 3

MAGNIFIED VIEW OF AN IC CHIP
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The materirls that meke un the circuit's components and the interconnections

are forned in the silicen wafer by diffusion (forcing moiecules of other

materials into the silicon).

The resulting circuit is called an IC

No respense reguired

(::) The 1 chip must be mountec in a package that is easy to handle and

rugoedized to protect the chip.

Connections to various Points in the

chip's circuitry are also provided. Figure 4 shows three of these packages.

O_,, COVER

3\ «—WIRE BONOS
BONOING {SLAND
~——IC CHIP
O =— SOLOER

(575 - BASE

CERAMIC COVER —=

GLASS SOLDER .-

IC CHIP

SONOING PRO —

GOLO BACKING —

ALUMINUM
BONDING

WIRE LEADS —~__

@ 3 ADHESIVE
GOLO-PLATED CERAMIC

METAL MOUNTING BASE
EXTERNAL LEAODS "
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~The IC chip is first soldered or cemented to a base which will hold it

riqidly in place. Then, fine gold or aluminum wires {as fine as human
hair) are bonded to pads on the substrate which are cOnnected to tke

components {see Figure 5).

WIRETO

EXTERNAL PINS  BONO!NG
PAD

SUBSTRATE ALUMINUM
INTERCONNECTIQNS

Figure 5

LEAD BONDING IN IC'S

The wires that are bonded t0 the pads on the substrate are also atteched
to the external pins. After the cover is installed, the rackage ic
hermetically sealed. A hermetic seal is a seal that will not allow air,

dust or moisture to pass.
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The result s a very small and ruqged package. See Figure 6.

Figure 6

RELATIVE SIZE OF IC
!

(1) The external pins on an IC package are connected to the pads on an IC ¢hip
with
a printed c¢ircuit boarc,
coaxial cable,
very fine 901d or aluminum wires,

standard insulated ¢ircuit hook-up wire,.

5

(2) The packaae the IC chip is mounted in makes the IC package
a. a rugged device,
. hard to handle because of its large size.
C. 4 very fragi1g dévice.
(3) To protect the 1C chip from moisture and dust, the IC package has &
a. ‘substrate.

E. hermetic seal,

¢. metal base.

very Zine GOld or aluminum wires.
& rugced device.
hermetic seal.

25
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On days when the air is very dry {low humidity), you may notice that
it s éasy to get a shock when you touch metal, especially after walking
across carpeting or gettiﬁglup from a plastic or leather covered chair.
This shock is caused by a charge that builds up on your body. The charge
is shorted to gr&und through the metal you touch. This charge is called

static electricity.

The voltage potential of the charge that builds up cn your body may

reach as high a§ 1000 volts. This voltade potential is high enough to
destroy an IC's circuitry. ~To orotect the IC from the static charge, the
IC is shippéd in a spec%a] conductiv§ wrapper. The shipping wrapper is
conductive.to keep a]f of the IC's leads at the same potentiai. MWith &l
of the leads at the same potential the static electricity cannot d:scharge

through the I£'s circuitry.

When handling and storing an IC, it (is/is not) necéssary to keep the IC
in. its shipping wrapper until yYou are ready to install it to protect it

from static electricity.

1 T "

18

(::) So, how do you handlé an IC to keep from damaging it with the static
charge you may have built up? By simply grounding yourself for a couple

of seconds to allow any charge to drain off before you touch the IC.

There are plenty of grounding places all around you. Any bare metal
surface that is groundeC works very weill. COne excellent Source is any

bare metal on a piece of test equipment that is plugaed in.

26
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[f you remenber tu ground yourself befoure yoﬁ pick up an IC and after any
large physical wmovements (such as standing up, sitting down, or walking),
you will not have any problems with static electricity while you handle

the IC.

Before you pick up an IC that is not in its shipping wrapper, you (will/
will not) have to ground yourself to protect the IC from damage by static

electricity.

IC's are mounted on printed circuit boards and soldered in place.
The pads on the boards are placed so that the IC may be mounted easily.
However, you nay have to bend the IC's leads a small amount'to align them
with the holes in the pads. 7o do this you must use two small needlenose

pliers; one to hold and support the lead, the other to make the bend. See

Fidure 7.

HOLDS PIK
“\“--uln£s BERD

Figure 7

IC LEAD STRAIGHTENING
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-YOU'mUSt be very careful that you don't bend the lead where 1t.enters the

IC package as you may break the hermetic seal.

-

An IC's leads should be bent with
a. Yyour fingers,
b. two needlenose pliers,

¢. one needlenose pliers,

The interna! circuitry may develop shorts when exposed to

8. nmoisture,

dust.

either moisture or dust.

two needlenose pliers,
eilther moisture or dust,

all IC's are soldered into place on a printed circuit board; some
are plugged into a special IC socket which is soldered into place on the

printed circuit board. See Figure 8.

i
\‘ Aefesence Marks

[Kotch or cul oft corner|

IC Mounted 1n Sochet

T0-5 Socket Nip Socket

Figure &

IC SOCKETS
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To reniove as IC from its socket you must f7 st make sure the equipment is
Jeenergized or the IC may be damaged when you remove it. Removal is
accomplished through the use of an IC removal tool, most often called a
DIP puller nr package puller. This tool is needed in order to handle the
IC firmly and securely without damaging it. In tho event an IC removal
tool is unavailable, grasp the Ibeetween your thumb and forefinger and

gently rock it out of its socket.

To put an IC into a socket first make sure that the power is off. Next,
1ine up the IC's reference mark (a notch, hole, dot, or tab) with the

sockets reference mark {a notch or cut off co}ner as shown in Figure 8).
Then, holding the IC between your thumb and forefinger, gently rock the
IC into the socket (you may have to bend some of the IC's leads to make

them match the socket's holes).

When installing or removing an IC from a piece of equipment, the equipment

nust be (energized/deenercized).

LUhen an'IC is removed from an IC socket you should
a. gentlyv rock it while 1ifting it out.
h. pry it out with a small, flat h)aded screwdriver.

¢. grasp it and pull it straight out without rocking it.

-

The reference hark on an IC must be the socket's

reference mark before the IC is plugged into the socket,
a. &t the oppcsite end from
b. one pin in a ¢lockwise direction from

in Yine with
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(1) deenergized - _
(2} a. gently rock it while 1ifting 1t out.
(3) c. 1in line with

(::) While hand1ing an IC, you should he careful that you do not drop or

strike the IC. The sudden jarrino 1mpact could break the hermetic seal or
one of the fine gold or aluminum interconnecting wires. If the IC were
dropped, it would be.easy to tell if one of the interconnecting wires
broke as the IC would not work properly. However, if the hermetic seal
broke you wou?dn't know it. The IC would work properly, hut its 1ife
expectancy {the amount of time a device is expected ta cperate) would he

greatly. shortened.

To prevent breaking an IC's fine interconnecting wires or hermetic seal,

you should not the IC.

drop
strike
jar

drop, strike or jar

drop, strike or jar




(::) THIS IS A TEST FRAME. (OMPLETE TRE TEST QUESTIONS AMD COMPARE YQup

ANSWERS WITH THE CORPECT AMSWERS GIVEM AT THE TOP OF THE PAGE FOLLOMING
THE TEST QUESTIONS. “ ~
1. When handling an IC you should NOT
a. bend the leads with two needlenose ﬁliers.
b. deenergize the equipment in which you are replacing an [0,
ground yourself before touching an 1C,

wiagle any of the I('s leads.

IC’'s may be mounted on printed circuit boards by
soldering.
sockets .
stand-offs.

either soldering or sockets.
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d. wiagle any of the 1C's leads.

either soldering or sockets.

IF YOUR ANSWER MATCHES THE CORRECT ANSHWER, YOU MAY GO ON TQO TEST FRAME 15.
OTHERWISE GO BACK TO FRAME 4 AND TAKE THE PROGRAMMED SEQUENCE CEFORE

TAKING TEST FRAME 11 AGAIN.

(::) IC packages are manufactured in various shapes and sizes as Shown in

Fiqure 9.

15-PIy DUAL.IN-LSNE PLASTIC 6-PIN DUAL-IN-LINE CERAMIC 14-PIN FLAT PACK 10.PIN TO-5 CAN
PACKAGE (DIP) PACKAGE {DIF) .

Figure 9

PIN NUMBERING METHODS

The pin numbering system for each of the packages is standard.

" The plastic and ceramic Dual-in-line Package (or DIP), will have a reference

mark at one end. This reference mark will be eithar a dot (painted on or
an impression), a notch or hole in pin number 1, or a notch in the end of

‘ the package. When the IC is viewed from the top, pin number 1 will be the
first pin g0ing in a counterclockwise direction next to the impression,
dot or notch. If there is no dot, notch, or hole, pin number 1 may be

directly identified by a hole or notch in the lead itself.

34 :}E;
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: ¥

0rce pin number one is located, al) other pins are numbered consecutively

in a counterclockwise direction from pin 1, see Figure 10.

— e
3 F3 14
13 14 15_‘

15
—_— —— = —

TOP ¥iEW

] e Ms) Ml r3t 7y

[19 20 21 2 23 24
— = = = = =

0P VIEW

Figure 10

DIP PIN NUMBERIMNG

\'rer the DIP IC is viewed from the bottom, the pins must be numbered going

in a {clockwise/counterclockwise) direction from the reference mark.

clochwise

GE;) The flat pack IC may have any one of the reference marks used on the
~IT et

notck, impression, hole or noteh in pin 1). There is also one

“ossible reference mark.  Pin 1 mey have a tab on it {see Figure

21 4p

3 2]
04 b1}
z=is 10
— 6? a?
= T 1

TOP YIEW

TOP YIEW

Figure 11

A

N FLAT PACK IC PIN NUMBERING

35
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L5

As with. the DIP, when viewed from the top, pin number 1 an the fiat

. pack is the first pin in a counterclockwise direction from the reference

-

mark. Or pin number 1 may be marked directly with & hole, notch, or tat.
A1l other pins are nqmbered consecutively in a countercliochtse diraction
from pin 1. |

Which of the illustrations below shows the correct nath io follow when

numbering the leads of a flat pack?

A

d.
c.
"‘ i - " b )]
c - . - )
c * “.,:-:_—1 = L ! :
C ——— = i !
C — - ‘ ;
\—— — ¥ )
o -/ I —
——  —™ r t/ * —
L — 1 § — ————
. TP ¥ILH
Figure 12
C. b
L pl
¢ e
e p—
—— —
e —]
— . —
c =T ‘
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T0-5 type IC package looks like & transistor package (see Figure 13).

L

i

BOTTOM ¥IEw BOTTOM ¥itw

Figure 13
TO-5 PIN NUMBERING

naTice thet ©o number the leads, you view the T0-5 can from the bottom.
=130, the tab on the can is the reference and pin'l will be the first pin
inoe clockwise direction from the tab. Looking at the bottom, all of the

cilker nins are numbered consecutively in a clockwise direction from pin 1.

1ltustrations below shows the correct placement of pin 1 on
{Lottom view)?

b.

BOTTOM YIEW
Fiqure 14

BOTTON wiEw

T T -y

1T viEw

PAFullToxt Provided by ERIC
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(::) THIS 1S A TEST FRAME. COMPLETE THE TEST QUESTION AND COMPARE YOUR

ANSWER WITH THE CORRECT ANSWER GIVEN AT THE 7TOP OF THE PAGE FOLLOWING THE

TEST QUESTION.

1. Inwhich of the foliowing sets of IC packages are the leads of all

three packages numbered correctly?

11f vile FIARL PR T ]

[ELAVERLE N IV R IR D S

gr ¥ifw 1176w NiEe

R R R T

= 273
1 e
113
13
"
LLITLERTTS L
[ L
e nifw

Figure 15
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00w K (SN S T RELISE R S

16r TR TP yitm

. . . - - —- - — - - —_—

IF YOUR AMSHER MATCHES THE CORRECT ANSWER, YOU MAY GO OGN TO TEST FRAME 18.
OTHEPWISE, GO RAGK TO FRAME 12 AND TAKE THE PROGPAMMED SEQUEMCT REFOPE
TAKING TEST FRAME 15 AGAIN.

The linear IC is represented in a schematic by a triancle or rectangle

(see Fiqure 16).

L

+

HESE18

Figure 16

IC SCHEMATIC SYMROLS

The IC's type number is located in the middle of the triangle (101 A) or
rectangte (HE 561 B). The pin numbers are outside the triangle or r--tengle.
The {+) and (=)} in (he triangle or rectangle indicate the non-invertiny

input (+) and the inverting input {-). A signal applied to the (+} input
will NOT be inverted at the output {the output will be in phase with the
input). A signa) applied to the {-) input will be inverted at the output

{the output will be 180° c.t-of-.phase with the input).

40 13
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The inputs are sometimes identified by (+) or (=), but the functions of

the other pins may not be shown. To find out what each pin 1s used for,

you rmust refer to a data sheet.

(1) Yhich of the geometric Shapes below représents a linear IC?

f. aand ¢
n. b and e
b, b, d and e

a, b, ¢, d and e

(2) The type number of the linear 1C will be 1located (inside/outside) the

IC's schematic symbol and the pin numbers will be located on the

(inside/outside).

{(3) In the circuit symbol for a linear IC, the inputs are
a. laheled "invertina input" and "non-inverting input”.
pin 1 for inverting and pin 2 for non-inverting,
{+) for the non~inverting input and (-} for the inverting input;
Both {+) and {-) arc located inside the circuit symbol,
{-) for the non-inverting input and {+} for the inverting input;

both -} and (+) are located outside the circuit symbol.
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g. b and e
inside, outside

{(3) c¢. (+) for the non-inverting input and (-) Tor the inverting input;
both (+) and (=} are located inside the circuit symbol.

17. Each type of IC will have its own data sheet. OSometinmes the dala
sheet 15 simply a schematic diagram with the pins shown as teminals and

labeled as ¢o their function (see Figure 17).

p——
—‘Rﬂ‘i‘

14
Cidmr

LT
LW &34 LiDn

Figqure 17

LH 0nftl  SCHEMATIC DIAGRAM

Although some of the pins may not be laheled in the schematic, the inputs,

outputs and power connections are labeled,

Another type of data sheet is the manufacturer's data sheet, shown in

=

Fiqure 18. Thic 2273 sheet is .for a type of linear IC called an Cpera-

tional amplifier.




Thirty Four-1

LH101 LH201 OPERATIONAL AMPLIFER B

FOR AMPLIFIERS, VOLTAGE COMPARATORS, LOW DRIFT
SAMPLE-AND-ROLD

Features
® Low Ofisan and Temperature Ondt # HNo Laich Up When Comman Mode Amnge 19 Excasdet

1% saternal 30 pF Capacnor for FreQuency Compensation ¢ Same Pin iguration s 709 Difhee

Description

The LH101/LH201 11 stable for alt feedback configurabon,
® Low Current Otan, 1.8 mA at :20 volu Tymerl even with capacitive 0adi. walh o exlernst COMPEnsEtion

capacitors. Low power dissipation Peemits Begh voltsge
& Contnuous Short-Circuit Protection operanon across the full temperature range.

¢ Operavion 1rom 5 10 220 Voll Power Suppher

PIN CONFIGURATIONS

Mate: Con Pechage Flol Pockagn DustinLine Pachagm

L A=g] [ -
~ = w ] [
uﬂl L=~ ) tone
" = : '*:*.:;:q:D o v
Ll * el
UTE e | m'\;::qz 40 ) et
= v <3 [ eammn
e O] [S i me

TO® viEn TOF vl

WO e COMat CTED TO CARE

ORDEA NUMBERS LHMYO1H OR LH20MH OADER NUMOERS LH101F OR LH201¥ ORDER NUMBERS: LHIGI0 OR LHIOID
SEE FACKAGE 1 SEE PACKAGE 4 SEE PACKAGE 1)

SCHEMATIC DIAGRAM TYPICAL APPLICATIONS
FET Operational Amplifier

O

Integrator with Biay Current
Compensanion

T

e

L1974 SILICONEY (neorpordted T
SSRLICT FOM IR R T Gl Toah DM FT

Feprinted by perrission of Siliconix Incorporated
*NC - not ceonrected internally

Figure 18

IC NETE SHEET

43
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This type of data sheet will normally show the pin configurations with all

pins labeled. - 1f the pin configurations are not shown, there ray be ¢

schematic diagram showing pin functions. Some data sheets give both pin
configuration and schematic diagrams as is the case in fiqure 19 . Figure
19 illustrates another manufacturer's data sheet with all of the pin

functions shown. -

I!‘JEE; Amplifiers

LHOOOD1® low power operational amplifier
general description

The LHODOT v o G0AM3 Luriose Gl
et rebgter] 100 paitenely 1D gues it
power  Twpeeplt NO lpad thihipiron of 25 0+

© 7 millowatty g V., T 15 w00 30 O 5 amaileatis

at ¥y, "Hwoln Even with this 10w DOWLE I
Hon Ihe LHBO0T will Getwer {10 walis nto o SK
1oan wilh =55 voll Jupph®s dnd tyiecat short o
Lo furrents gt 20 1o 30 malermoy Adoebee e
ey Jre

& Opetangn from *5V 10 * J0V

& Very ow nlte woitder temcaile 00 LV

a¥S'C 600uve 55 Cio 125 C

LI A TE LT L B UL R Y PR
RTR-T E TRT - I
B Lo tabe Feiblalls 1 1ates
LI T R L e L P TR A
B (urirot oray g Chamaleal G, tr el e

B (Bt s teriinetenisly

Ine (HOGDY o OF@y su et ok B Banoe
aiiial @t g wehopery Biglterd g et - ot

fon it e letmety WA Lot e atae

schematic and connection diagrams

[
1

(Lawe
(13

{0mMnbar.04

Lot b i

Crdar pyomba; LHID 1M
Ser v 17

Reprinted by permission of Mational Sewiconductor Corporation.

Figure 19
IC DATA SHEET
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No response required.

THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIOMS AND COMPARE YOUR

ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP QF THE PAGE FOLLOWING
THE TeST QUESTIONS.

REFER TO THE FIGURE BELDW TO ANSWER QUESTION 1.

schematic and connection didagrams

© 1974 NATIONAL SEMICONDUCTGR CORP. PRINTEQ IN L.S.A.
Figure 20

The functjon of pin 4 is
a. negative power (V-).
b. inverting input.

¢. non~inverting input.

d. bias.

REFER TO THE FIGURE ON THE FOLLOWING PAGE TO ANSWER QUESTION Z.
2. Pin7 on the dual in-line package (DIP) is
a. the output.
b. not connected internally.
positive poger (V+) in.

negative power-{V-) in,
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LH10t LH2D1 OPERATIONAL AMPLIFER B
\ FOR AMPLIFIERS. VOLTAGE COMPARATORS, LOW DRIFT

SAMPLE.-AND-HOLD

Features
® Low Ottmts and Tempersrure Dritt ® No Lstch Up When Common Mode Rangt |3 Excssded
* Same Pin Configurstion us 700 Ampiifier
Dwscription
The LH101/LH201 is stable for all leedback configurations,
® Low Current Orain, 1.8 mA at :20 Volu Typial even with capacitive [oads. with No extemal comparation

. capacitors. Low power dissipation permits high volisge
& Continbous Short-Circurt Protaction operdion acrors the full TemORTature range,

® (ntwml 30 pF Capacitor for Frequency Compensition

* Operation from 25 to 120 Voit Powsr Supplies

PIN CONFIGURATIONS
Datt-An-Ling Pock g

" 7] T .

L3 -1 [T50 -

w 3 [T come
e < v
Ed P

v':E ALAMCE

u:cz [

wrviln TOF valm

018 g 40Ol C 71O TOCASE
ORDER NUMBERS' LHID1H OR LH201H  OROER NUMBERS: LHIDIF OR LHZOVF ORDER NUMEERS: LH101D OR LHZ01D
SEEPACKRAGE 1 SEE PACKAGE & SEE PACKAGE 1)

SCHEMATIC OIAGRAM TYPICAL APPLICATIONS
FET Dpacationsl Amplifier
v .

Integrator with Biss Current
. Compensation

3
T

" oA
1

bara PP |

—0
OUTRT

4

SERLHCY FOR oy um T Gl 1O Ol Y

Figure 21

Peprinted by permission of Siliconix Incor;porated
*NC - not connected internally
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1. b. inverting input.

2. b. not connected internally.

IF YOUR ANSWERS MATCH THE CORRECT ANSHERS, YOu MAY GO Ont 7O TEST FRAME 21,

OTHERWISE GO BACK TO FRAME 16 AND TAKE THE PPOGRAMMED SEQUENCE BEFNRE

TAKING TEST. FRAME 18 AGAIN.

Although the required manufacturer's IC data sheets or schematics
will be provided with the equipment manuals, vou must be able to select
the correct data sheet for a particular type of IC. To do this you simply
natch the IC type number, which is printed on the IC packaee or in the

IC's circuit symbol, t0 the data sheet type number as shown in Figure 22.
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IC’'S NUMBER

s MK 50070 N
CMOS Oscillator and Divider m USTEK

FEATURES.
Low Fower Desipation
418 voit Operating Ramge
interngl Zener Aeoelatlion
Internat Oscillator
QESCRIPTION:
The MOSTEK 50070 circurt 15 an asc.laior
and divider Circunt 1or speciai Zed apphications
An exlernal quartz crystal getermines the O3
cilator frequency and the Chup dinces this

frequency by 49152 The output 18 buelfereg
by a 4 transistor brioge

MOTOR VOLTAGE WAVE FORM PIN CONNECTIONS

]
wOT0A vOLTaGE wavElQAM OSC IN b 0s5C ouUT
teim & RELETIVE TO PN B ’

ZENKER p

_. I Vop it ) Vi)
4} ] L Q

OuTPUT |

- -
. o8y

£Copyrght 1974 by Montek Co.poration
Al NQRIN renerved OuUTPUT 2

Penrinted by permission of Mostek Corporation
Figure 22

IC DATA SHEET

PAFullToxt Provided by ERIC
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How do you choose the correct data sheet to use with a particular IC (in

your own words)?

By matching the data sheet type number to the IC type number {or words
. to that effect).

Fl

Integrated circuits are becoming very common in modern electronic

equipment. You will ]ike]y have the opportunity to replace one very early

in your Navy career. Read over the Tist of general soldering precautions

and handling considerations be]pw to familiarize yourself with the proper

procedures.

a. Always keép the leads of the IC in contact with a conduc:ive material,
except when testing or operating the device s¢ as to avoid static charjge

build-up.

Ground the tips of soldering-irons, metal parts of fixtures and tools,

and handling devices when working with ICs.

Deenergize power to circuits before attempting to insert or remove

IC's from then.
Do not apply signals to IC devices while the power supply is off.

- Always use the simallest soldering iron wattage rating possible when

soldering to IC's.

i

Never apply molten solder or heat to an IC lead or terminal for longer

than 10 seconds, or to a point closer then 1/16 inch from the IC body.

-

Always use 2 heat sink such as pliers, or alligator clip between the

solder connection point and the IC body.

- 50
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a

The information we have covered in this jesson applies to all ICs. 1iCs

require a little more care in handling than transistors, but when installed

ir » ~ircuit board, they are very rugged and can operate for many years

without citcuit failure.

No response required
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21. THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND COMPARE YQU®
ANSWERS WITH THE CORRECY ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING
THE TEST QUESTIONS.
1. Data sheets for ICs are arranged in ecuipment tech manuzls according to
a. manufacturer's name.
b. IC type number.
c. IC type name.

d. pin configuration.

To work on I{s, you should use a soldering iron that has

a(n} (grounded/ungrounded) tip and the {laraest/smallest

rating possible.

When soldering an IC, a heat sink, such as Piiers

or (an alligator clip/a solder wick), should (alwavs/never) be used,

—

o
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b. IC type number.
grounded, smailest
an alligator clip, always

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU HAVE COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON 1, MODULE THIRTY FGUR. OTHERWISE GO BACK TO FRAME 19
AND TAKE THE PROGRAMMED SEQUENCE BEFCRE TAKING TEST FRAME 21 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TC THE LESSON TEST. IF YOU INCORRECTLY
ANSWER OHLY A FEW CF THE PROGRESS CHECK QUESTICHS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SC THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY wWiTH. Ir

YOU FEEL THAT YOUHAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSOH,
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIQ/VISUAL MATERIALS
(IF APPLICABLE), GOR CONSULTATION WITH THE LEARKING CEMTER INSTRUCTOR, UKTIL
yOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRZSS CHECY. CORRECTLY.
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NARRATIVE
LESSON 1

Introducticn To Linear Integrated Circuits

So far, all the circuits you have experienced have been constructed with
discrete {single) components. The components were either mounted on a
printed circuit board or you made a circuit by breadboarding (plugging a
pre-mounted component intc a board to construct a temporary circuit).

These circuits used transistors which were fairly small and, until the early
1960's, were thought to be the ultimate in small size and efficiency.
However, the aerospace industry needed even smaller, lighter, and more
rugged circuits that would use less power. In 1962 these needs were met
with the introduction of the Linear Integrated Circuit.

Linear Integrated Circuits (linear IC's) are devices that integrate (combine)
discrete {single} components {transistors, resistors, capacitors, diocdes,
etc.} into one single package.

Most linear IC's are amplifiers. The output signal! will be oroportional to -
the input signal {the ocutput waveshape is an amplified, and sometimes
inverted, version of the input waveshape).

The c¢ircuit inside the package is complete. The only additional components

external to the IC are for feedback and compensaticn networks and LC tank$
whenever they are required. These components are intenticnally left out of
the IC package to allow the same IC to be used for different applications.
Also, inductors and large value capacitors are difficult to manufacture into
IC circuitry so they are normally external to the IC., However, in some
specialized applications, you may find that thre IC was manufactured with

all components internal to the IC package, thus requiring only input,
output, and power connections. Physically, the IC is mostly packaging.

The actual electronic circuitry is a paper-thin wafer of silicon, called

the substrate, whose size i$ dependent upon circuit complexity.




a.
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Figure 1 shows a 23 transistor amplificer IC whose actual size is .14 ¢nm
long and .14 cm wide.

O «—ACTUAL SIZE

i

17 BONDING PADS = L SUBSTRATE

ALL COMPONENTS AND BDNDING
PADS DIFFUSED INTD SUBSTRATE

Fiqure 1

MAGNIFIED VIEW OF AN IC CHIP

The components are formed in the silicon by diffusion {forcing molecules of

other materials into the silicon wafer). The resulting circuit is called
an "IC Chip".

Fong
.)7
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The IC chips are mounted in rugged packages as shown in Figure 2.

CERAMIC COVER —

U.,covs‘n GLASS SOLDER ___

7z ~—WIRE BONDS IC CHIP
BONDING BONDING PAD>~
<3//113 o =
— GDLD BACKING ——— <>
SOLDER ALUMINUM

- BONDING
- ..o}~ BASE WIRE LEADS

ADHESIVE

. CERAMIC
GILD PLATED MOUNTING BASE

EXTERNAL LEADS

Figure 2

VARIOUS IC PACKAGES

L]

The IC chip is soldered or cemented to a base which will hold it rigidly in
place. Then fine gold or aluminum wires 2.54 x 10°Z gm in diameter (as

fine as human hair!), are bonded to pads on the substrate which are connected
to the componerits, as Figure 3 shows.
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WIRE TO

EXTERNAL PINS  SONOING
o PAD

SUBSTRATE ALUMINUM
INTERCONNECTIONS

Figure 3

BONDING LEADS

The bonded wires in Figure 3 are attacheu o the external pins and then the
cover is installed. The whole unit is then hermetically sealed. A hermetic
seal 15 a seal which prevents the passage of air, dust, or moisture. The
result is a very small, rugged device {see Figure 4).

Tigure 4
. RELATIVE SIZL OF IC

58
09
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Have you ever walked across a carpeted room or stood up from & chair and

received an eltectrical shock when you touched something that was metal?

The shock was caused by an electrical charge that your body picked up from

.. carpet or chair. This charge is called static electricity. The
voltage notential that builds up on your body may reach a potential of
1000 voits. This static charge is high enough in potential to destroy an
IC's circuitry. For this reason you should not remove an IC from its
shipping wrapper, which protects the IC from static electricity, until you
are ready to install it, Then, before you touch the IC you should ground

~ yourself for & few seconds (2 or 3 are sufficient) by touching the carrying

handies on a piece of test equipmert that is plugged in. In fact, any bare
metal surface that is grounded will drain off the static charge from your
body. Any movement you make will begin to build up the static charge on
your body again, so do not carry the IC when it is out of its shipping
wrapper. Remember t0 ground yourself again after any large movements such
as standing up, sitting down or walking.
IC's are normally mounted on printed circuit boards and soldered in place.
These printed ¢ircuit boards are normally set up to mount an IC on without
bending its leads. However, you may have a circuit board with mis-aligned
mounting holes. In this case you will have to bénd the IC's leads to make
them fit. To do this you must use two small needlencse pliers; one to hold

e the lead and the other to make the bend {see Figure 5).

wr

HOLOS PIN

Figure 5

STRAIGHTENING IC LEADS

You rwst be very careful that you don't bend the lead where it enters the »
IC. package- to avoid breaking the hermetic seal. If the seal is broken,

dust and moisture may enter the IC and create shorts across the internal
circuitry.




Narrative Thirty Four-1

Some IC's are not soldered into a printed circuit but are plugged into a
special IC socket {see Figure 6}.

IC Mountes in Socket \

-
e

L Reference Marks
[Notch or cut off corner|

Figure 6
IC SOCKETS

To remove the IC from the socket, first make sure the equipment is deenerg-
ized or you will damage the IC when you remogve it. Removal is accomplished
through the use of an IC removal tool, most often called a DIP puller or
package puller. This too] is needed in order to handle the IC firmly and
securely without damaging it. In the event an IC removal tool is unavailahle,
grasp the IC between your thumb and forefinger and gently rock it out of

its socket.

To put an IC into a socket, first make sure the equipment is deenergized.
Next, line up the reference mark on the IC {a notch, dot, tab or hole) with
the socket's reference mark {a notch or cut off corner as shown in Figure
6). Then grasp the IC between thumb and forefinger and gently rock the IC
into the Ssocket. You may have to bend the Teads Slightly with the two ’
needlenose pliers before the IC will go into the socket.

One last handling precaution; do not drop or strike an IC. The sudden
Jarring impact may break the hermetic seal ar one of the fine gold or
.aluminum interconnecting wires.
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{C's are manufactured in various package shapes as shown in Figure 7.

16-PIN DUAL.IN-LINE PLASTIC 16.PIN DUAL-IN-LINE CERAMIC 14-PiN FLAT PALK 10-PtN T0-5 CAN
PACKAGE (4P PECEAGE (DIF)

Figure 7

IC CASE STYLES

The system of numbering the Teads for these packages is standard for each
package shape.

With the plastic and ceranic Dual-In-line Package {DIP), one end will be
marked with a painted or impressed dot, a notch or hole in pin 1, or a notch
in one end of the package. When viewed from the top, pin number 1 is the
first pin going in a counterclockwise direction from, or directly next to,
the impression, dot, or notch.
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A1l other pins are numbered consecutively from pin 1 in a counterclockwise
direction (see Figure 8).

TOF YIEw

aInioiniainis

e 20 21 22 23 24
St s —J el Sl L=

T0P viEw

(o] o) Leo) vy gy 3 L

109 viEw

Figure 8
DIP NUMBERING
Notice that no matter how many pins the DIP has, the pins will be numbered
consecutively, in a counterclockwise direction from pin 1.
The flat pack will have ore end marked in the same manner as the DIP (impres-

sion, dot, notch, hole or notch in pin 1), or one other possible marking:
Pin 1 may have a tab on it.
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As with the DIP, when viewed from the top the pins on the flat pack are
numbered consecutively in a counterclockwise direction from the reference
mark as shown in Figure 9,

|5y ¥
T T
TGP VIEW TGP VIEW

Figure 9
FLAT PACK PIN NUMBERING

The T0-5 can is basically a transisior package with more leads than the
common transistor. It is a small metal can that has a tah for a reference
mark. When viewed from the bottom, pin number 1 is the first pin in a
clockwise direction from the reference tab (the tab is located on the
highest number pin) and all other pins are numbered consecutively in 2
clockwise direction from pin 1 as shown in Figure 10,

BOTTOM S1Ew BOTTOM VIEW

T0-5 CAN

Fidure 10

T0-5 PIN NUMBERING
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In circuit schematics, the linear IC is normally represented by a triangle
or vectangle, as shown in Figure 11,

AN

+

HESB18

[

Figure 11
IC SCHEMATIC SYMBOLS

The IC's type number will normally be printed in the center of the triangle
(101 A) or rectangie (HE 561 B). The pin numbers will be on the outside of
the triangle or rectangle. The (4) and (-} in the triangle or rectangle
indicate the non=inverting input (+) arnd the inverting input (-). A signa}
applied to the (+) input will not be inverted at the output. A signal
applied to the (=).input will be inverted at the output. While the inputs
of an IC are sometimes identified by (+) or (-), the other leads are not.

To find out the function of each p1n'of an 1C, you must refer to the IC's
data sheet.

The data sheet for an IC usually includes a separate schematic of its
internal c¢ircuitry {see Figure 12}. -

Figure 12
LHOO001 iFHEMATIC DIAGRAM

64
65
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The schematic of the IC will identify the inputs, outputs, and power
connections.

Other information that may be on the manufacturer's data sheet i¢ ““iwn in
t1gure 13 on the next page. This data sheet iS for a type of Tin:ue IO
called on Qperational Amplifier. -
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K101 LK201 OPERATIONAL AMPLIFIER E
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Some data sheets may show pin configurations, and Others may show a
schematic diagram. Still others may chow DOth.

The -equired manufacturer's data shects or the IC's schematics will be
provided in the equipment tezhrysir manual. To select the correct data
sheet for an 1C, first take the I1C's type number from the IC's circuit
symb0ol -0r the top of the IC. Than match this number to the IC type number
of the IC data sheet. Figure 14, On the next page, shows an, IC with its
part number and its data sheet matched.
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IC’S NUMBER

Wy -
=y J.'I_'lru\_L-\. S

ol

AR MK

CMOS Oscillator and Divider

FEATURES:

Low Power Dissipation

4-18 volt Operating Range

tnmerna! Zener Reguialion

Internal Oscillator
DESCRIPTION:
The MQSTEK 50070 crrocuit 15 an oscillator
and divider circuil for speciziized apblications.
An external Quartz crysial determings the 0%
ciliator trequency and the chid devides this

frequency by 49152, The oulput s bulfered
by 3 4 transistor Brioge.
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AlT of the information we have covered in this lesson applies to every type
of 1C manufactured. An IC requires more care 1n handling than a transistor,
but once installed in a ¢ircuit board, it is very rugged and can operate
fnr many vears without circuit failure.

AT THIS ©OINT, Y0U MAY TAKE TRE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TCST ITEMS CORRECTLY, PROCEED TO THE LESSON TEST. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECx QUESTIONS, THE CORRECT ANSWER PAGE
wILL REFER YOU TO THE APPROPRIATE FAGES, PARAGRAPHS, OR FRAMES SO THAT YQU
CAR RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF

Y0U FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,
SELECT AND USE ANOTHER WRITTEN MEDIUM OR INSTRUCTIGN, AUDIO/VISUAL MATERIALS
(IF APPLICABLE)}, OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL
YOU CAil ARSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY
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OVERVIEW
LESSON 2

1C Operational Amplifiers

In this lesson you will learn about a very common type of linear integrated

circuit called an operational amplifier. You will study the characteristics
of IC operational amplifiers including schematic symbols, input-outputs, and
typical circuit operation. You will learn some useful troubleshooting pro-

cedures for repairing these devices.

The learning cbjectives of this Jesson are as follows:
TERMINAL OBJECTIVE(S):

34.2.66  When the student completes this lesson (s}he will be able to
IDENTIFY basic fuactional characteristics of operational amplifiers
to include using gain formulas to calculate the gain of inverting
and non-inverting circuit configurations and tisting correct
troubleshooting methods, by selecting statements from a choice of
four. 100% accuracy is required.

ENABLING OBJECTIVES:
when the student completes this lesson (s)he will be able to:

34.2.66.1 IDENTIFY the functional characteristics of an IC qperationai
amplifier by selecting the correct statement from a choice of four.
100% accuracy is required.

34.2.66.2 IDENTIFY inverting and non-inverting opamp circuit configurations,
given schematic diagrams, by selecting the correct name or diagram
from a choice of four. 100% accuracy is required.

34.2.66.3 1DENTIFY the formulas used for computing output voltage in an 1C
operational amplifier by selecting the correct formula from a choice
of four. _100% accuracy is required.

34.2.66.4 CALCULATE the gain of an operational amplifier circuit, given a
schematic diagram and necessary circuit values, by selecting the
correct gain value from a choice of four. 100% accuracy is
required.

34.2.66.5 [IDENTIFY proper troubleshooting methods for a given IC opamp circuit
: by selecting the correct statement from a choice of four. 100%’
accuracy is required.

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNINu 9BJECTIVES AND PREVIEW
THE LIST OF STUDY RESQURCES ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON 2 '

IC Operational Amplifiers

To learn the materials in this lesson, you have the 0ption of choosing, according
to your experience and preferences, any Or all of the f0llowing study resources:

Written Lesson presentatien in:
Module Booklet:
Summary
Programmed Instruction
Narrative
Student's Guide:

Summary
Progress Check

Additional Material{s):
NOne

Enrichment Material(s):

Robert G. Hibberd, A Basic Course In Integrated Circuits, (Cleveland:
Penton Publishing Company, 1%68-69), Lessons t,2,3,4,9,10,12,13, and 14.

YOU MAY USE ANY, OR ALL RESOURCES LISTED ABOVE, AND ALSO THE LEARNING CENTER
INSTRUCTOR. HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED TO
ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME.
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SUMMARY
LESSON 2

1¢ Operational Amplifiers

An IC Operational Amplifier (opamp) is a class "A" amplifier which has two
inputs and one output. One of the inputs will have the signal we wish to
amplify applied to it. The other input will be connected to a resistor that

will develop bjas for the IC. The resulting output will be the input multiplied
by the gzin of the circuit.

Various schematic symbols for an I{ opamp are shown in Figure 1.

IN

0uT

OPAMP SCHEMATIC SYMBOLS

Figure 1
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1C opambs are used as either inverting or non-inverting. amplifiers. Fiqure 2
shows an inverting IC opamp amplifier circuit.

Vo

Figure 2
INVERTING OPAMP

In Figure 2, R1 is the input resistor, R2 the bias resistor, Rf the feedback
resistor and RL the load resistor. Figure 3 shows a non-inverting IC opamp
amplifier circuit. Rf -

AMA-
KN NEGATIVE FEEDBACK

+ 6V

© o

100Kt SR, i;
Ve
< Figure 3

_BV-

NON-INVERTING OPAMP

This circuit is the same as the inverting amplifier circuit except that the
input and bias connections are reversed. Now the input resistor is R2 and the
bias resistor is Rl.

74
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Operational amplifiers have extremely high gain. Both the inverting and the
non-inverting 1C opamp amplifier circuits use negative feedback to stabilize
the output signal and prevent osciilation. The inverting amplifier has a
feedback signal that i5 180° out-of-phase with the input signal and, since

both sighals are applied to the same point, negative feedback is directly
provided, See Figure 4.

IFigure 4
INVERTING IC OPAMP FEEDBACK PATH

The non-inverting amplifier has a feedback signal that is in phase with the
input signal which would indicate the use of positive feedback. However, the
feedback signal is applied to the inverting input where it is inverted inside

the I{., See Figure 5,
/‘F\/-—d—

= Figure 5

NON- INVERTING 1{ OPAMP FEEDBACK PATH
' ' 75
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The feedback signal on the inverting input terminal {-)} acts in opposition to
the input signal on the non-inverting terminal (+).

Since the inverted feedback is 180° out-of-phase with the input signal,
negative feedback 1S being used. .

To measure the input signal you would use an oscilloscope. But, you must not
measure the input signal on the input pin of the IC.

With the inverting amplifier, the negative feedback and the input Ssignal are
applied to the IC's input. Since the two signals are 180° out-of-phase, the
resultant signal is too small to measure. <

with the non-inverting amplifier, the input signal at the IC's input may be
smaller than the actual input signal due to the voltage drop across the input
resistor.

Therefore you must measure the input signal to either amplifier (inverting or
non-inverting) at the points indicated in Figure 6.

NEASURE INPUT,SIGNAL
HERE

MEASURE
INPUT SIGNAL

HERE~__ v
L

INVERTING OP AMP NOK-INVERTING OPANP

Figure 6

' MEASURING OP AMP INPUT SIGNALS
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In both the inverting and non-inverting amplifiers, the gain is controlled by
the ratio of Rfeedback to Rin or

Gain Rfeedback,
in
The symbol "o " means "approximately equal to". This gain is approximate
because there are other factors at an engineering level to take into considera-
tion. However, the gain determined by this formula will be close enough to
the actual amount for our purposes.

Since the gain of an amplifier is the number of times the input signal is
multiplied, R
. vy ~. ey, _feedback
out™ Vin TR,
(/‘, in
(NOTE: This fornula may-b€ used regardless of how the input is stated, i.e.,
peak-to=-peak, peak, or RMS, However, the output must be stated in the same

terms). #

The Vout formula is a good troubleshooting aid. With it you can determine
whether the output signal has the correct amplitude or not.

You cannot normally test the [( when the amplifier circuit has a bad output
signal. However, you can check the supply voltages to the IC and the com-
ponents external to the IC.

To check supply voltages to the IC, a VOM or VTVM may be used. The IC opamp
requires both positive (+V¥CC or V+) and negative {-¥CC or V-) voltages, most
commonly between 6 volts and 18 volts. See Figures 4 and 5. The equipment
manuais will indicate the correct voltages and the pin numbers where the
voltages are applied.

To check resistance of the external components, a VOM may be used. However,
multipie current paths through the IC will cause false readings across the

" external components. Also, the [C can be damaged by the current from the

meter; therefore, the IC must be isolated from the components under test.

If the IC is plugged into an IC socket, observing proper handling precautions,

unplug the IC. If the IC is soldered into the circuit board, you must
unsolder and 1ift out one lead of the component under test to isolate that
component from the IC and other circuit components. Therefore, you should

- have some idea of the possible cause of a symptom to eliminate unnecessary

soldering. -

To check the output signal of the IC, an oscilloscope is used. Place the

oscilloscope probe on the output pin of the IC. The Vout formula will help

you determine if the signal amplitude is correct. Remember, when you check
the IC opamp amplifier circuit, you must first check the signal input, the DC
;oltage inputs, and all external components before considering the IC to be
aulty.
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IC handiing precaut1ons are identical with those for MOS devices and are shown
in Figure 7.

"NOTICE

SPECTAL HANDLING OF MOS DEVICES

The MOS metal oxide,semiconduggaﬁ\déxices have a fairly high input resistance

making them subject to damage from charges of static electricity through improper

handling. The thin layer of oxide csg be damaged from Jischarges of static =
electricity or improper handling in oc out of ¢ireuit. The damage may be apparent
immediately or may show up only after a“ghort operating time. To avoid possible

damage, the following procedures should be fo]lowed when handling or testing

these devices. .

1. The use of synthetic clothing such as nylon should be avoided as this
will generate static charges. Dry weather {relative humidity less than 30%)
also tends to increase static buildup.

—

2. Keep the leads of the device in contact with a conducting material or shorted,
except when testing, inserting or removirng from the circuit.

3. A wrist strap with a megohm resistor in series tc common ground should -
be worn by the technician when inserting, removing or testing MOS devices.

7
4, Do not remove or insert an MOS device with the power to the ci,cuit or test
instrument “ON".
5. Do pot apply or inject test signals intc the circuit when an MOS device is £
used with the circuit power "OFF". e
6. Do not turn the circuit power "ON" with an MOS device removed from tho
circuit. Charges can build up causing possible 'damage when the device is
replaced in the circuit.
7. Soldering iren tips, metal bench tops, test egquipment and tools should be
grounded to a common ground along with the chassis of the set being serviced.
8. Soldering guns should not be used in MOS circuits; AC line leakage from the
gun tip could cause damage to an MOS device.
9. Do not apply heat for longer than 10 seconds or closer than 1/16 of an inch
to any MOS device when soldering. Use of a heat sink is recommended to
prevent damage to the advice.
Figure 7
IC HANDLING PRECAUTIONS (-
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AT THIS POINT, YOU MAY TAKE THE LESSOM PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAN
RESTUDY THE PARTS OF THIS LESSON YOU ARE .HAVING DIFFICULTY WITH. IF YOU FEEL
THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), OR
CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN ANSWER ALL
SELF-TEST ITEMS ON THE PROSRESS CHECK CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON 2

IC Operational Ampiifiers

TEST FRAMES ARE 3, 7,14, AND 19, GO FIRST 'TQ TEST FRAME 3 AND SEE IF YOu CAN
ANSWER THE QUESTION(S). FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

(i;) There are many different types of linear ICs being manufactured. Up to this

time, we have discussed information that is common to all types of lingar
IC's. Now we will discuss a specific type of linear IC cailed an Operational
Amplifier (opamp,. The opamp is sim-ly a class "A" amplifier which has
two inputs and one output. One input is used as 2 signal input. The other
input has a resistor attached te it that develops bias for the IC opamp,
The resyltant cutput is the input voltage multiplied by the gain of the
amplifier.

- If the gain of an amplifier is 5 and the input signal is .1 volt peak-to-peak,

the output signal will be

0.5 volts peak-to-peak.
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(€Z) Various schematic symbols for an 1C opamp are shown in Figure 1.

Figure 1

OPAMP SCHEMATIC SYMBOLS

As you may recall, the {+) or {-) at each input in Figure 1 indicates

- whether the applied signai will 0; will not be inverted ‘at the output. The ,
(-) indicates an inverting input. 1If the input signal is applied to the (-)
input, the output will be 180° out-of-phase with respect to the input. The
(+} indicates a non-inverting inout. If the input Signal is applied to the

(+) input, the output siygnal will be in-phase with respect to the signal.

A sine wave input signal to an opamp terminal labeled (-) will be

“he output terminal.
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(E;) . 1S IS A TEST FRAME. COMPLETE THE TEST QUESTIOHS AND THEN COMPARE YQUR

FNSHERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.
I. An integraeted circuit operational amplifier is basically a _

{(Class A/Class B) amplifier with an (in-phase/out-of-phase/

in-phase or out~0f-phas~® output.

Identify the terminals on the IC schematic symbnl shown in Figure 2.

Figure 2

A=inverting input, B=output, C=non-inverting innut
A=non-invertina input, B=inverting input, C=output
A=output, B= inverting “nput, C=non-inverting input

A=output, B= non-inverting input, C=inverting input
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1. Class A, in-phase or out-of-phase

2. b. A=pon-inverting input, B=inve;.ing input,C=output

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 7.
OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRMTD SLQUENCE BEFORE

TAKING TEST FRAME 3 AGAIN.

Now let's take a look at an IC opamp im a circuit. Look at Figure 2,

bel ow.

NEGATIVE FEEDBACK
PATH

+ 6V-

Figure 3

NON-INVERTING IC OPAMP AMPLIFIER
Operational amplifiers have extremely high gain capabilities. Therefore it
is pften necessary to use negative (deocenerative} feedback in the circuit to
contro1—tﬂ{; gain and ensure a stable amplifier. As you study this non-
inverting Amplifier circuit, notice that the input signal is applied te the
non-inverting input(+), pin 5, through series input resistance RZ. The
output signal is taken from pin 11, across load resistor RL, and 1% an amplified,

in-phase version of the inpu-. Rl is the bias resistor.

c4
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Resistor Rf 15 used to provide the negative feedback. Althcugh the feedback

appears positive (in.phase with the input signal), it has a negative effect
beccuse it is applied to the inverting input{-}, pin 4. The opamp internally
inverts the phase of t~> feedback, making it act in opposition to the inbut

signal.

Operational amplifiers »se negative feedback to controi

amplifier gain (or words to that effect)
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(::) An IC opamp may alsoc be connected as an inverting amplifi=r (input signal

applied to inverting input} as shown in Figure 4.

+ 6V

© o0t
100KA 2R —i—

~6Y4

Figure 4
INVERTING IC OPAMP AMPLIFIZR

Notice that the only change2 needed to make a non-inverting amplifier circuit
(Figure 3) into an inverting amplifier circuit (Figure 4) is to reverse the
ground and inpu! connections. Rl now becomes the input resistor and RZ the
bgas resistor, as shown 1. Figure 4.

" Notice t.. the feedback is opplied to the (=) terminal for either circuit
configuration. This will ins that negative feedback -5 provided.
Neo~tive feedb..k will stabilize the amplifier's ouviput and keep it from

oscillating.
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Negative feedback in IC opamp circuits is al' "vs applied to the
{(non-inverting{+)/inverting(-)) input.

e -

inverting (-}

5001
06V
:osvj = 'NF Ri
2

M
i 'Va/\

Figure 5

OPAMP GAIN

<§:) I.  sth inverting and non-inverting amplifier circuits. e gain of the
~amplifier is conirolled by the ratio of the feedback resistance (Rf) to the
input resistance (R1 or RZ, depending upon which is used for an input
resistor). Stated as a fomula,

Gain o~ Rfeedback.
Rin

The "=" symbol means "appiuximately equal to". Thus gain is approximate
because the~~ are other factors at an engineéring level to take into consider-
ation. However, the gain determined by tHis formula will be ¢lose enough to
the actual amount for our purposes. The‘fonﬁu}a applies to both the inve%ting
and nop=-inverting amplifier.

87
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For the ¢ircuit srawn in Figure S the gain of the amplifier would be

computed as follows:

Gain % Rfeesback = 5K = 5000
' Rin L 50

From the gain formula you can eaﬁiiy determine the voltage of the output
signal. Since the gain is the number of times the signal is amplified, it
is easy to see that ﬁhe input voltage (vin) multiplied by the gain would
tell you the outpyt voltage (vout}. This stated as a formula would be

Vout = Gain (Vip).
{NOTE: This formula may be used regardless of how the input is stated, i.e.,
peak-to-peak, or RMS. However, the output must be stated in the ' .me
terms). Since we know that Gain = Rfeedback for either amplifier configura-

. Rin
tion, our formula becomes

R
~ feedback
vout_vin( Rs )’
in

In Figure 5, Vo, ¢ = .06V (100} = 6V.
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amplifier shown in Figure 6 below, the gain is approximately

and the output signal (is/is not) inverted.

Figure 6

15, 1s not
15, is
G.067, is not

0.067, is
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(::) THIS 1S A TEST FRAME. COMPLETE.THE TEST QUESTIONS AND THEN COMPARE YOUR
ANSWERS WITH THE CORRECT ANSWERS AT THE TOP OF THE PAGE FOLLOWING THE TEST
FRAME. USE FIGURE 7, BELOW, TO ANSWER THE GUESTIONS.

Figure 7

This schematic diagram is an example of &(an) (inverting/

non-inverting) opamp.

The gain of the opam czircuit s
a. 2000

b. 200

c. 100

d. 10

With the input shown, the'output would appear as
a. +2v4 b+ 20¥- C.+4y d. 140y

-2vJ ~20¥- -4y
‘ - -
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1. non-inverting

2. d. 10
3. c. +4y

-4y

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 14. OTHERWISE
G0 BACK TD FRAME 4 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 7

AGAIN.
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Being able to determine the output voltage of an IC opar can be a very

helpful troubleshooting aid, especially if you have to determine whether or
not the IC is operating properiy. But first you have to find out what

voltage is being applied at the input.
Let's discuss the inverting opamp first.

If you were L0 take out your oscilloscope and check the $ignal at the input

to the IC itself, you would find practically no signal (see Figure 8).

Re
ATAAY

o
IGRAL AT THEIC'S IN
\\‘\

ouT

lll—c

Figure 8

MEASURING IC OPAMP SIGNALS

Further checks show a good input signal at point “A“, and an output signal

whose amplitude is correct (as determined by the V4 formula).

—

The amplitude of the signal on the input ~in of an IC opamp ¥s .
a. very large -
b. equal to the input signal to the circuit

C. very smal

P e T L e Y e
e ey

C. very small
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So why is this true? The reason for the small signal on the opamp input

terminal ran be understood by 1ccking at Figure 9.

Figure 9

INVERTING OP2MP FEEDBACK SIGNAL PATH

The feedback and input signals are applied to the same point (pin <« f the

1C}. Since the feedback signal is negative (180° vut-of--phase with the input

signal) the two signals at pin 4 act in phase opposition (oppose each-

no response reguired
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The net result of combining the input and feedback Signals is shown in

Figure 10.

CRIGIKAL INPUT SIGNAL (T0 Rp

+

FEEDBACK SIGRAL (PIN i)

RESUL™ T INPUT S GRAL (PIK 4)

Figure 10
RESULTANT INPUT SIGNAL
INVERTING ©PAMP
The feedback and input Signals are being applied t~ the saiwe point (pin 4 of
“the 1C}. Since we are using negative feedback (1207 ocui. f-phase with the

input signal}, the resulting si. 1 at the IC's input is very small.
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The feedback signai ,adds to/subtracts from) the original input signal to an

IC opamp.

-

subtracts from

{iz) In fact, the input signal applied to Pin 4 of the IC 15 50 small that even

the very smajl loading effect o7 your oscilloscope will make the signal
almost undetectabie. Therefore, you must mezsure the input signal to the
inverting circuit at the circuit's input {input side of the input resistor)

as shown in Figure 11.

MEASURE INPUT SIGNAL
HERE

Figure 11
MEASURING INVER. .{G OPAMP SIGNALS
' When measuring inverting opang inpur signals the oscilloscope probes shogld .
be placed on the input ter-inal.
iC

circuit

circuit
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(::) Now iet's Took at the Situation involved in measuri- 1 non-inverting opamp

signals shown in ~iqure 12,

Fiqure 12
NON-INVERTING OPAMP SIGNALS
-In the non-inverting amplifier, the input signal is applied through series
resistor Ro to input terminal 5. The feedback signatl is still ed
through feedback resistor Rf ;0 terminal 4. Therefore, tne cOMbiIning

“action of the input and feedback Sienals occur: within the IC itseif,

Non-inverting opamps combine input and feedback signals

{outside/within) the IC.

T o e T

within _
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<£§) Although the feedback signal does not externally subtract from the input
- signal in non-inverting opamps, the input resistor may stil) cause a signa)

voltage drop. For this reason, the input signal to a non-inverting IC Opomp

should alsv be measured at the circuit's input as shown in Figure 13,

~ -

MEASURE 0uT

IHEPUET SIGNAL

a]l—o

q+_<;

Figure 13
MEASURING NON-INVERTING GPAMP SIGNALS

The input signal to non;inverting opamps 1s measured at the .

a. IC irput terminals

"b.  circuit input terminals

-y T

b. . circuit 1nput terminals




THIS 1S A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE YOUR
ANSWERS WITH THE CORRECT ANSHERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE

TEST FRAME.

USE FIGURE 14 BELOW TO ANSWER QUESTIONS 1 AND Z.

+4V
-4V

Figure 14
1. The signal at point is smaller than the signal at point
a. D, A
b. A, B
c. D0, C
d. B, A

2. When measuring input signals to the opamp, the oscilioscope probé should
be placed at point .
. a - A

b. B

c. C

1u0
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When measuring input signals in non-inverting opamps, the oscilloscope probe

should be placed at the ]

a, [C input terminal

b, IC outpui terminal.

¢. c¢ircuit input terminal
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3. ¢. circuit input terminal

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 19.
OTHERWISE GG BACK TO FRAME 8 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING
TEST FRAME 14 AGAIN.

We have discussed the procedures for checking input signals to an IC. HNow
L
tet's look at some general IC troubleshooting procedures. Consider the IC

operational amplifier chqin shown 1in Figgre 15,

+¥oe

OUTPUT

CRfp

T K
INPUT UEN
Ry | }_c

Figure 15 "VCC

IC TROUBLESHOOTING
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Generally, troubleshooting intergrated circuits follows a definite sequence
of events. Tne first step to take in troubleshooting the equipment, after
making obvious fuse and operational cnecks, is to signal trace with the
oscilloscope. In Figure 15, the oscilloscope would be used to check for
proper signals at the input and output points. The amplitude of the signal
at specific points may be specifjed in references. If not available there,

the correct amplitude may be estimated using the formula:

-

By applying this formula to each stage in the circuit shown in Figure 15,

the gain of each'stage becomes as follows:

0k 20k . 10k
For 1Cy, Av = ok 305 for IC,, Av = = 20, for IC3, Av = = 10.

Tk Kk 1k

A faulty IC stage will be identified as having a good input signal (correct

amplitude and shape) and an abnormal output signal (incorrect amplitude or

shape).

The first step in troubleshooting IC opamp circuits 15 to isolate the faulty

stage by signal tracing with an

oscilloscope




P.I. o Thirty Four-2

Once the faulty stage is isolated, the next step is to check DC supply .

voltages at the IC pins as shown in Fiqure 16.

DYN

Figure .16

CHECKING IC DC SUPPLY VOLTAGES

IC DT supply voltages range between 5 and 30 volts. IC opamps require a positive
(Vec or V+) and a negative (-Vcc or V-) power supply voltage to operate (see
Figure 16). The circuit schematic will usually indicate the voltages and pin
numbers where the voltages are applied. Although a digital voltmeter (DVM) is

shown in Figure 16, other types of voltmeters may be used (VDM, VIVM, etc.).

-After isolating the faulty IC stage, the technician should then check,

(AC/DC} supply voltages with a (voltmeter/ammeter).

T

pC, voltmeter

104
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(::) When the supply voitages to a faulty IC stage are normal, the failure is
either in Staae components external to the IC, or the IC itself. The next
step the technician should take is to use the ohmmeter and make resistance

checks. However, circuit precautions must be observed. Look at Figure 17,

$

OHMMETER

r
)
I
I
I
I
I
t
I
I
H
|
I
i
|
I
1

Figure 17
IC RESISTANCE MEASUREMENTS

Technicians making resistance measurements in IC circuits must observe the

~following precautions:

1. Placing an ohmmeter directly on or across the IC pins may damage the IC,
and should be avoided. If socket mounted, the IC should be removed

prior to resistance checks.

Parallel resistance Paths are usually found which must be taken into

consideration. (Note the 50£ ohm reading in ﬁ}gure 17).
105

103
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3. Components may be isolated for measurements by disconnectinq one lead.

If an chometer is used to measure resistance in an IC circuit, the IC

should be if possible.

remaved

If resistance checks on the external IC components are normal, the IC may be

considered faulty and must be replaced.  Since many ICs contain metal oxide
4 -
semiconductor (MOS) devices, the technician should observe all the handling

:precautions for MOS devices Tisted in Lesson 4, Module 33. This 1ist has

beer vreprinted in Figure 18. Study it carefully.
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NOTICE
SPECIAL HANDLING OF MOS DEVICES

The MOS metal oxide semiconductor devices héie a fairly high input resistance
making them subject to damage from charges of static ~lectricity through improper
handlind. The thin layer of oxide can be damaged from discharges of static
electricity or improper handiing in or out of circuit. The damage may be apparent
immediately or may show up only after a short operating time. To avoid possible
damage, the following procedures should be followed when handling or testing

these devices.

1. The use of synthetic clothing such as nylon should be avoided as this
will generate static charges. Dry weather {relative hum]d?ty less than 30%)
also tends to increase static buildup.

Keep the leads of- the device in contact with a conducting material or shorted,
except when testing, inserting or removing from the circuit.

A wrist strap with a megohm resistor in series to cbmmon ground should
be worn by the technician when inserting, removing or testing MOS devices.

Do not remove or insert an MUS device with the power to the circuit or test
instrument "ON",

Do not apply or inject test sigmals into the circuit when an MOS device is
used with the circuit power "OFF", RN

Do not turn the circuit power "ON" with an MOS device removed from the
circuit., Charges can build up causing p0551b1e damage when the device is
replaced in the circuit.

Soldering iron tips, metal bench tops, test equipmeni and tools should be
grounded to a common ground along with the chassis of the set being serviced.

Soldering guns should not be used in MOS circuits; AC line leakage from the
gun tip could cause damage to an MOS device.

Do not apply heat for longer than 10 seconds or closer than 1/16 of an inch
to any MOS device when soldering. Use 0f a heat sink is recommended to
prevent damage to thg advice. , :

; >

<

Figure 18
IC HANDLING PRECAUTIONS
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When replacing integrated cirbuits, the .technician should unsolder the IC

with a soldering iron.

a. large wattage, grounded tip
5. low wattage, ungrounded tip
¢. large wattage, ungrounded tip

d. low wattage, grounded tip

d. Tow ﬁattage, grounded tip

THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE YOUR -
ANSWERS WITH THE CORRECT ANSWERS AT THE TOP OF THE PAGE FOLLOWING THE TEST
FRAME . ' '

_1. When troubleshooting electronic equipment which uses ICs, the faulty
stage is identffied as tﬁe one with a {nput and a
output.

good, good
bad, good
good, bad
bad, bad

the DC supply voltages to an IC are normal ; you should then take

(voltage/resistance) checks of component s
(internal/external) to the IC.

voltage, internal

resistance, external

resistance,‘internal

voltage, external
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When making resistance measurements in IC circuits, you should be
careful to _ {remove/replace) the I and ubserve

(parallel/series)* resistance paths.

remove, series

replace, series

renlace, parailel

remove, parallel
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1. c. good, bad

- 2. b. resistance, external

3. d. remove, paralie}

iF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON 2, MODULE THIRTY-FOUR. OTHERWISE GO BACK TO FRAME 15
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 19 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHICK. 1F YOU ANSWER ALL SELF-
TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY AKSWER
ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE WILL REFER
YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT -YOU ‘CAN RzSTUDY THE
PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH., [IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER WRITTEN
MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), OR CONSULTATIOHN
WITH THE LEARNING CENTER INSTRUCTOR, UNTIL .YOU CAN ANSWER ALL SELF-TEST ITEMS

ON THE PROGRESS CHECK CORRECTLY. 1
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NARRAT [VE
LESSON 2

IC Operational Amplifiers

There are many different types of lineer ICs being manufactured. Up to this
time, we have discussed information that is common to all types of linear
ICs. Now we will discuss a specific type of linear IC called an Operational
Amplifier (opamp}.- The opamp is simply & class "A" amplifier which has two
inputs and one output. One input will De used as a signal input., The other
input will have a resistor attached to it that will develop bias for- the IC
opamp. The resultant cutfut is the input voltage multiplied.by the gain of
the amplifier. Various schematic ‘symbols for an [C Opamp are shown in
Figure [.

E Figure 1
OPAMP SCHEMATIC SYMBOLS
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As you may recall, the (+) or (-) at each input in Figure ! indicates whether
the applied signal will or will not be inverted at the output. .The (-}
indicates an inverting input. If the input signal is applied to the (-}
input, the output will be 180° out-of.phase with respect to the input. The
(+)} indicates a non-inverting input. If the input signal is applied to the
(+) i?put, the output signal will be in-phase with respect to the input
signal. ' - '

Now let's take a look at an IC opamp in a circuit. See Figure 2.

NEGATIVE FEEDBACK
PATH

+ 6V

Figure 2.
NON-INVERTING IC OPAMP AMPLIFIER

Operational amplifiers have very-high gain. Negative feedback is -used to
control this gain to usable levels and thus stabilize the amplifier.

The IC opamp in Figure 2 is connected 'as a non-inverting amplifier {the
input 51gnal is applied to the non-inverting input”through input resistor
R2).

Feedback is applied to the inverting input through Rf (the feedback resistor).

Although the feedback appears to be positive (in-phase with the input signalj,
it i inverted by the (-) input, making it negative feedback. Rl is the bias

resistor and RL is the load resistor,

110
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An IC opamp may aiso be connected as an inverting amplifier (input signal
applied to inverting input) as shown in Figure 3.

KEGATIVE FEEDBACK

Figure 3

INVERTING IC OPAMP AMPLIFIER

Notice that the only change needed to make a non-inverting amplifier circuit
(Figure 2) into an inverting amplifier circuit {(Figure 3) is to reverse the
ground and input connections. Rl now becomes the input resistor and RZ the
bias resistor, as shown in Figure 3,

Notice that the feedback is app]iéd to the (-) terminal for either circuit
configuration, This will insure that negative feedback is5 provided. Negative
feedback will stabilize the amplifier's output and keep it from 0scillating.

In both circuits the gain of the amplifier is controlled by the ratio of the
feedback resistance (Rf) Lo the input resistance (Rl or R2, depending upon
which 15 used for an input resistor}. Stated as a formula,

Gain & Rfeedback ,
Rin

The " o2 " symbol means "approximately equal to". This gain is approximate
because tSere are other factors at an engineering level to take into consider-
ation. However, the gain determined by this formula will be close enough to
the actual amount for our purposes. The formula applies to both the invert-
ing and non-inverting amplifiers.
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In the-aﬁplifie: in Figure 3 the gain is approximately 100 and the output
signal is inverted. '

From the gain formula you can easily determine the voltage of the output .
signal. Since the gain is the number of time¢ the signal is amplified, it
is easy to see that the input voltage (Vin) multiplied by the gain would
tell you the output voltage (Vout). This stated as a formula would be

Vout

VYout & Gain (Vin} Or i ¥ Gain,

(NOTE: This formula may be used regardiess of how the input is stated,
i.e., peak-to-peak, peak, or RMS. However, the output must be stated in the
same terms), '

Since we know that Gain o 'Rfeedback for either amplifier configuration,
Rin

our formula becomes Vout = Vin {Rfeedback).
' Rin
Using the data of Figure 3 we obtain

Gaine Yout _ 12 Volts (p-p) _
Gain= ¥n- = 127 Volts (p-py =~ 100 O

Gain & Rfeedback _ 5K ohms _ 100, -

Rin - - 50 ohms ~

Being able to determine the output voltade of an IC opamp can be a very
helpful troubleshooting aid; especially if you have to determine whether or
not the IC is operating properly. But first you have to find out what
voltage is being applied at the input. . ‘




Narrative ’ Thirty Four-2

Let's discuss the inverting opamp amplifier first.

If you shouid take out your oscilloscope and check the signal at the input
to the IC itself, you would find practically no signal (see Figure 4).

NO MEASURABLE

SIGNAL AT THE IC"S INPUT
\\\.

Figure 4

MEASURING OPAMP INPUT

Further checks show a good input signal at the circuit's input (input to the
input resistor) and an output signal whose amplitude is correct-(as determined
by the Vout formula using the input signal applied to Rin for Vin). So what
gives? Well, actually those indications were normal for an inverting IC

opamp amplifier circuit.
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To find out why these indications are normal, let's look at the feedback
for the inverting amplifier in Figure 5. )

Figure 5
NEGATIVE FEEDBACK INVERTING OPAMP
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-

The feedback and input sianals are being applied to the same point {pin 4 of
the IC). Since we are using negative feedback (1800 out-of-phase with the

input signal), the resulting signal at the IC's input is very small. See
Figure 6, )

r

ORIGINAL [NPUT SIGHAL (T0 Ry)

+

FEEDBACK SIGNAL (PIK 11}

RESULTANT IKPUT SIGNAL (PIN 4)

Figure &
OPAMP SIGNALS
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In fact, the input signal applied to Pin 4 of the IC is so small that even
the very small loading effect of your oscilloscope will make the signatl
aimost undetectable. Therefore, you must measure the input signal to the
inverting circuit at the circuit's input (input side of the input resistor)
as shown in Figure 7.

- R
MEASURE THPUT SIGRAL 'v\f/\,
HERE

Figure 7
MEASURING INVERTING OPAMP INPUT SIGNAL
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The same does not hold true for the non-inverting amplifier shown in Figure 8.

Figure 8
FEEDBACK - HON-INVERTING OPAMP

With the non-inverting amplifier, the feedback is not applied to the same
point as the input signal. The feedback signa) is -inverted, forming the
negative feedback inside the IC{see Figure 8). The voltage drop across the
input resistor may cause the signal at the IC: input to be smaller than the
actual input signal. Therefore, you must measure the input signal to a
non-inverting IC opamp amplifier at the circuit’s input (see Figure 9}.

~MEASURE
INPUT SIGNAL

HERE—___ g
it

Figure 9
MEASURING NON-INVERTING OPAMP INPUT SIGNAL

119
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We have discussed using an oscilloscope for checking the input signal. But
: what other checks can you make and which test equipments may you use?

The IC opamp requires a positive (+VCC or V+) and a negative (-VCC or V-)
power supply voltage to operate (see Figure 10). The voltages are normally
between 6 to 18 volts both positive and negative. The gircuit schematic
will indicate the voltages and the pin numbers where the voltages are
applied. To check these voltages a VOM or ¥TVM may be used.

You must not measure resistance.of an IC; if you do, the meter's current can

damage the IC. However, you can measure the resistance of the components
external to the IC with an ohmneter See Figure 10.

900K | OHMNETER
%

9
=

IK

i
i
1
i
{
!
)
I
i
|
I
|
I
g
i
|
[

‘Figure 10 —

TROUBLESHOQTING OPAMPS

As you can see, there are five resistors in the circuit in Figure 10. If
you make a resistance check acrosSs any of the resistors, you will be reading
across the IC as well. The resistance reading would not only be incorrect,
but the IC could be damqged. You must isolate the IC from the component
under test. - i _

If the IC is plugged into a socket, a resistance check of the- components is
simpl:. Observing the proper handling precautions, take the IC out the make
your checks.

If the IC is soldered in place, do not unsolder the IC. Insteid, unsolder
and carefully lift one lead of each component you wish to check. This
isolates the component from the circuit, protects the IC, and gives you-an
accurate reading of the component’s value. One precaution you must observe:
Do not unsolder and test more than one component at a time; if you do, you
might solder a component back. in the wrong place.

120 118
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To check the output signal of an iC opamp, place your oscilloscope probe on
. the ICs output pin. The Vout formula, Vout == Vin (%;H), will help you
- determine if the amplitude of the output signal is correct.
The IC itself cannot easily be checked. If the output signal is incorrect

and the input signal, supply voltages, and circuit components check good,
the IC may then be considered faulty and must be replaced.

Finally, when replacing ICs, certain precautions must be observed. Since

many ICs use metal-oxide semiconductor device$ in them, the HM0OS chart from
Lesson 3, Module 33 is reprinted below in Figure 1l1.
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NOTICE
SPECTAL HANULING OF M0S DEVICES

. The MOS metal oxide sem1condu*tor devices have a fairly high input resistance
makfng them subject to damage from charges of static electricity through
improper handling. The thin layer of oxide can be damaged from discharges
of static electricity or improper handling in or out of circuit. The damage
may be apparent immediately or may sinw up only after a short operating time.
To avoid possible damage, the following procedures should be followed when
handiing or testing these devices;

1. The use of synthet1c c]othzng such as nylon should be avoided as this will
generate static charges. Dry weather (relative humidity less than 30%)
also tends to increase stat1c bui]dup

Keep the 1eads of the device in contact with a conducting material or
shorted, except when testing, inserting or removing from the Circuit.

A wrist strap with a 1 megohm resistor in series to common ground should
be worn by the technician when inserting, removing or testing MOS devices.

Do not remove or insert an MOS device with the power to the circuit or
test instrument "ON",

Do not apply or inject test signals into the circuit when an MOS deqibe is
use: with the circuit power "OFF".

Do not turn the circuit power "ON" with an MOS device removed from the
circuit. Charges can build up causing possible damage when the device is
replaced in the circurt.

Soldering iron tips, metal bench tops, test equipment and-tools should be
grounded to a common ground along with the Chassis of the set being

serviced. ™

-

Sonering guns should not be used in MOS circuits; AC line Teakagé from
the gun tip could cause damage to an MOS device.

Do not apply heat for longer than 10 seconds or closer than 1/16 of an

inch to any MOS device when soldering. Use of a heat sink is recommended
to prevent damage to the device.

Figure 11
IC HANDLING PROCEDURES
122
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. [IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. [IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU

CAN RESTYDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT

AND USE ANOTHER WRITTEN MEDIUM OR INSTRUCT]ON AUD]O/VISUAL MATERLALS {IF
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.




